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Goal: Situational awareness

+ About Finnish Me

« FMI’s history it

« GUMICS: T |

« FMI's new 'ra ional 24/7 spaee weathe "r*ViCé'(LUOVA)'
 Example cases

» Towards future: GUMICS as operational service by Christmas
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About FMI

Weather and Safety Research and Development
. Weather and Safe Climate Service Centre
Approximately 650 FTE F Clirmate Research
e ~350 In R&D Customer Services Atmespheric Composition Research
e Under Ministry of Service Development Meteorological Research
. Production Systems Marine Besearch
Trafficand for Weather Services & Eaxrth Obzanation >
Communications Coservation Services TrrT PR
Atrmospheric Research Centre of
Eastern Finland
Expert Services
Space weather research
(head: Minna Palmroth)
Administration

329 peer-reviewed

papers in 2013

 1stout of world’s
met institutes

Operative space weather

Space weather customers
(head: Juhana Hyrkkanen)

(head: Vesa Kurki) "
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History of FMI Is history of space weather

« FMI Established 1838, Tsar Nikolai |
* In connection to U. Helsinki (mag. obs.)
« Tsar's theory: Connections between
magnetic field and weather variations?
» Let's measure both!
« Goal: advantages in warfare

« Ground magnetic records from 1838

In Kaisaniemi station
 Weather 1844 ->

» Sea ice observations 1859 ->

 Sea level observations 1887 ->

* Flooding forecasts 1902 ->
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, MHD MAGNETOSPHERE
GUMICS: Europe’s only SOLARWINDL—st e
. . -energy density
space weather simulation ———
;E)Iri{éti:f;lt]ation Potential Fic
- SOLAR UV | 3 — » ELECTRODYN.
« Grand Unified Magnetosphere- — | —Cunens—>
IONOSPHERE

lonosphere Coupling Simulation

» Developed by Pekka Janhunen

« Started in 1993 from ionosphere
 Magnetosphere added in 1996

« GUMICS-4 in C/C++: 1999

* Run-time adaptive mesh
refinement

« 2D spherical ionosphere

log10in)
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21 years of systematic testing

With current GUMICS-4

e 2000: Cusp dynamics

« 2002: Energy transfer through
magnetopause

« 2003-2005: Energy dissipation in the
lonosphere

« 2005-2006: Reconnection efficiency in
the tail

« 2006-2007: Reconnection at the
magnetopause

« 2008: Signal propagation through the
magnetosphere

« 2009: Towards GUMICS-5, going
beyond MHD (Vlasiator)

e 2011-2013: Solar wind run library, a
year worth of simulations
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Palmroth et al., 2003

GUMICS ECLAT data: 30 Jan 2002 - 02 Feb 2003
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Weather and Safety Center 24/7

* Responsible for weather and oceanographic
services on 24/7 basis

« Customers: general public, authorities, civil
aviation, military and business life

« Operational duty hours 150-200 h/day

 75-80 FTE / year
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LUOVA: Centre for natural disasters since 2011

» Early-warning system

« 24/7 monitoring

» Real-time risk assessments,
analyses and forecasts

« Storms, floods, forest fires, heavy
snowfall, space weather,
earthquakes, etc.

Geomagneettinen aktiivisuusennuste

Parvitetty 20131108 10:45:01
-satelliitin aurinkotuulihavaintoja v

eisimmin tunnin ajalta

seuraava tumti

| edellinen tunti

(KEV)
(MAS)
(KIL)
(IVA)
MUO)
(SOD)

(&)

° suure pienin suurin keskiarvo
5 magneettikentta Bz [nT] 06 37

£ nopeus [km/s] 3749 4235

S 2 tiheys [em™] 1.2 9.4

o 2 - : :

§ § Geomagneettinen aktiivisuus (RX [nT])
b

0

(1]

o

(]

.

o

'8

LUOVA

HIERER] TR ILMATIETREN LAITOS
L mGCaOR UrvAITIT METEOROLOGISKA [NSTITUTIT e
ekl FINNISH METEOROLOGICAL INSTITUTE BYKE

‘hteydenotot | Linkit | Palaute | LUOVA | Kirjaudu ulos
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VAROITUSIARIESTELMA

Varoitukset nyt

* Myrskyt

Hirmumyrskyt

* Ukkoset

Rankkasadetulvat

* Lumisatest

»

Metsspalot

» Vesisttulvat

* Meriveden korkeus

* Maanjaristykset

* Tsunamit

Riskitasot: Kohonnut riski Suwri riski [l Toteutunut riski [l

Arkisto |

Tietoja ilmidista | Tietoja varoituksista |

Riskitaso: Kohonnut riski

Hirmumyrsky JAL -
Kaakkois-Intia
Brss

6.11.2010 13:36

Yhteenveto:

Trooppinen sykloni JAL {1. asteen
myrsky, keskituuli n. 35 m/s)
|lahestymassa Intian kaakkoisrannikkoa.
Ennustettu reitti tulee kulkemaan lahelta
Chennain suurkaupunkia (myé&s
turistien suosimaa aluetta). Woimakkaat
tuulenpuuskat ja rankat sateet suurin
uhka su-illan ja ma-aamun valisena
aikana (Suomen aikaa).

Vaara-alue:
-l
- Invest A

Hirmumyrsky JAL - Kaakkois-Intia

e ion
Jelive:

Vaara-aika:
Infrapuna-satelliittikuva 1. asteen JAL-syklonista, joka saapuu Intian
kaakkoisrannikolle (lahelle Chennaita) seuraavan 24-36h aikana {su
iltapwva/ilta).

sunnuntai keskipdivistd maanantai
aamuun

Sidtila ja ennuste:

Myrskyyn liittywat ensimmaiset sateet
ylt&vat rannikolle jo tulevana yona.
Myrskyn ennustetaan vield hieman
wvoimistuvan, saavuttaen mahdollisesti
2. asteen voimakkuuden (keskituuli n.
40 m/s, puuskat I5helld 50 m/s).
Myrsky on melko pienikokoinen, mutta
JAL:n suurimmat vaikutukset koetaan
lshella Chennain aluetta.
Sadema&&rsennuste on n. 50 mm,
paikoin suurempi.

06z

FORECAST AW P05 K 2005

Tuuli:

kohtalainen

Sademisri: e
matala/kohtalainen

Aallokko:

e . e

kohtalainen

Ved i koh i E
e JAL-syklonin ennustettu reitti ja voimakkuus.

matala/kehtalainen

9.4.2014
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LUOVA example

o Solar flare 23 Jan 2012

* Insignificant magnetic storm \
 Severe radiation storm \m\
; . January 2 Dst (Real-Time) WODC for Geomagnetism, Kyoto
* Re-routings: Delta, United oo T T I e I T [ LI T ]]
« FMI’s first space weather warning >
« HF conditions ol
i T T - R S ¥

[Created at 2012-04-30 15:05UT]

[ HF-echoes vanished from polar cap (SuperDARN) ]
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Towards real-time physics-based predictions

150 ‘million km

<

Solar win‘d:

: . Lagrange 1st point:
3 Qays to Earth ek .

1 hr t_o Earth

Observations

n,v,T . .
’ Real-time calculations

40

Prediction: FMI’s GUMICS
Testing 2013 — spring 2014
~  Wish: Products by Christmas
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Ensemble forecast system in internal testing

o Similar to terrestrial
weather prediction

e Chained runs with a new
one every 15 to 30 min

o Start from latest results
with solar wind available

3 hruns: 2 h solar wind
+ 1 h for prediction

e Assimilation not included

e First runs started in 2013-
07-26 at 12:29 local time

Data-assimilation (®): 6 hour forecast cycle

+00 +(05
Forecast 00 UTC* \

+12 +18 ---

{ Observations 06 UTC —» First guess field

+00 +0& +18 -
Forecast 06 UTC
Observations 12 UTC —»
+00 +06 +12 +18 -

*UTC = Universal
Time Coordinated
(GMT)

Forecast 12 UTC
Observations 18 UTC —m
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Ensemble forecast system in internal testing

Input

Solar wind from NOAA (http://www.swpc.noaa.gov/ftpdir/lists/ace/...)
* Undocumented features: 404 Not found, 0.0 density (-9997?), 2014-01-25 (503)

Implementation

Python scripts executed periodically by cron

Download solar wind data

Prepare input data for a run, submit to queue

Post processing

 lonospheric parameters (CPCP, FAC, heating), quick-look plots
« Magnetic indices, GIC

Backup to tape (0.1 - 1 TB / month)

Email in case of error
« Average a few / day
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FMI's strengths in a nutshell 5

LUOVA 24/7 service

Leading know-how in GIC

Europe's only global space weather model
Leading modeling group with a variety of
models (MHD, hPIC, hVlasov, PIC)
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